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Summary 
Znf rare1 Multiband Scanner d a t a  were acqu-red  over t h e  
V i r g i n i a  C i t y  area on September 1 2 ,  1984. The V i r g i n i a  C i t y  area is l o c a t e d  
i n  w e s t - c e n t r a l  Nevada about 2 0 . m i l e s  south of Reno. The h i g h e s t  peak i n  
t h e  area is Mount Davidson which has a n  e l e v a t i o n  of 7,850 feet .  The 
s u r r o u n d i n g  Washoe and Carson v a l l e y s  have e l e v a t i o n s  of 4,500 feet .  The 
f l i g h t  a l t i t u d e  above mean te r ra in  was 20,000 fee t .  
a t  approx ima te ly  1130 hours l o c a l  t i m e  (1723 I R Z G ) .  
40% v e g e t a t i o n  cove r  i n  t h e  area c o n s i s t i n g  of mostly j u n i p e r ,  sage and 
g r a s s e s . .  The area i s  dominated by a n  assemblage of v o l c a n i c  rocks t h a t  
range  i n  age  from T e r t i a r y  t o  Quaternary. These v o l c a n i c  rock assemblages 
a lso c o n t a i n  f l u v i a l  and l a c u s t r i n e  sediments of s imilar  age. Unal te red  
v o l c a n i c  rocks range i n  composition from a n d e s i t e  t o  r h y o d a c i t e  and t h e i r  
p e r c e n t  s i l i c a  by weight ranges from 55% t o  65%. The v o l c a n i c  rocks 
c o n t a i n  very  l i t t l e  f r e e  qua r t z .  Pre-Ter t ia ry  rock u n i t s  c o n s i s t  of 
r e g i o n a l l y  metamorphosed sed imentary  and v o l c a n i c  rocks  t h a t  have been 
f o l d e d  and i n t r u d e d  by g r a n i t i c  rocks.  The v o l c a n i c  rock assemblages have 
been s u b j e c t e d  t o  i n t e n s e  hydrothermal a l t e r a t i o n  t h a t  h a s  produced 
secondary  q u a r t z ,  opa l ,  and c l a y  (Thompson, 1936). The h i s t o r i c  Comstock 
Lode Dis t r ic t  i s  c e n t r a l l y  l o c a t e d  i n  the  s t u d y  area and  i t  produced ove r  
8 m i l l i o n  ounces of go ld  and a lmost  200 m i l l i o n  ounces of s i l v e r .  
The d a t a  were acqu i r ed  
There  is approximately 
TIMS d a t a  have been ana lyzed  us ing  both  p h o t o i n t e r p r e t a t i v e  and 
d i - g i t a l  p r o c e s s i n g  techniques .  The Jet P r o p u l s i o n  Labora to ry  produced 
enhanced c o l o r  images u s i n g  a d e c o r r e l a t i o n  c o n t r a s t  s t r e t c h  technique. 
The c o l o r  n e g a t i v e s  were p r i n t e d  a t  1:50,000 scale f o r  f i e l d  use. 
VAX11/780 IDIMS image a n a l y s i s  sys tem was used  t o  a n a l y z e  s p e c i f i c  
areas a t  512 by 512 image r e s o l u t i c n .  Farkwn-Loeve t iansfGiWtiGi iS  Lieie 
u t i l i z e d  t o  d i s p l a y  v a r i a t i o n s  i n  r a d i a n t  s p e c t r a l  e m i t t a n c e .  The TIMS 
image d a t a  were compared wi th  c o l o r  i n f r a r e d  metric camera photography, 
Landsa t  TM d a t a  and key areas were photographed i n  t h e  f i e l d .  Only t h e  
s o u t h - e a s t e r n  p o r t i o n  of t h e  area has  been f i e ld -checked  i n  a reconnissance  





The V i r g i n i a  Range c o n s i s t s  mainly of i n t e r m e d i a t e  composi t ion flows, 
b r e c c i a s ,  and t u f f s  of Miocene age.  Rhyodacite is  most common, however, 
b a s a l t ,  r h y o l i t e ,  and tu f f aceous  sedimentary rocks of Miocene and P l i o c e n e  
age c o v e r  l a r g e  areas. 
exposed i n  p l aces ,  mostly a long  t h e  sou the rn  and e a s t e r n  margins of the 
range. 
t h e  younger metamorphic and v o l c a n i c  rocks.  
pumiceous r h y o l i t e  are p r e s e n t  i n  t h e  area. 
Mesozoic metasedimentary and metavolcanic  r o c k s  are 
Mesozoic g r a n i t e  and T e r t i a r y  d i o r i t e  and a n d e s i t e  porphyry i n t r u d e  
Some domes of e x t r u s i v e  
Major s t r u c t u r e s  i n  t h e  V i r g i n  C i t y  area are nor th - t r end ing  f a u l t s  
t h a t  show evidence of both normal and s t r i k e - s l i p  movement (Hudson, 1984). 
A major east-west t r e n d i n g  alignment of d r a i n a g e  i n t e r s e c t s  t he  n o r t h  
t r e n d i n g  s t r u c t u r e s  and t h i s  l ineament could be r e l a t e d  t o  a deep s e a t e d  
f r a c t u r e  system which c o n t r o l l e d  t h e  development of t h e  v o l c a n i c  p i l e  i n  
t h e  V i r g i n i a  C i t y  a r e a  and a l s o  t h e  development of Steamboat Spr ings  i n  
Washoe Va l l ey .  These s t r u c t u r a l  c o n t r o l s  provided the c o n d u i t s  f o r  
hydro the rma l  f l u i d s  which have a l t e r e d  the  v o l c a n i c  rock assemblages,  and 
have i n  some i n s t a n c e s  f a c i l i t a t e d  the  emplacement of m i n e r a l i z a t i o n .  
The most recent  s tudy  of hydrothermal a l t e r a t i o n  m i n e r a l  assemblages 
a t  V i r g i n i a  C i t y  was done by Hudson (1984). H e  d e f i n e s  seven major 
a l t e r a t i o n  types:  
1. P r o p y l i t i c  A l t e r a t i o n :  c h l o r i t e  + a l b i t e  +/- e p i d o t e  +/- ca lc i t e  
+/- whi te  mica ( i l l i t e ,  mon tmor i l l on i t e ,  o r  mixed l aye red  i l l i t e -  
m o n t m o r i l l i n i t e )  +/- q u a r t z  +/- a c t i n o l i t e  
2. I l l i t e - M o n t m o r i l l i n i t e  A l t e r a t i o n :  i l l i t e  + montmor i l l on i t e  4- 
mixed-layered i l l i t e - m o n t m o r i l l o n i t e  + q u a r t z  
3. K a o l i n i t i c  A l t e r a t i o n :  k a o l i n i t e  + q u a r t z  
4. A l s i c  A l t e r a t i o n :  P y r o p h y l l i t e  + q u a r t z  + k a o l i n i t e  +/- d i a s p o r e  
5 .  A l u n i t i c  A l t e r a t i o n :  a l u n i t e  + q u a r t z  +/- d i a s p o r e  
6. S i l i c i f i c a t i o n :  q u a r t z  
7. S e r i c i t i c  A l t e r a t i o n :  ser ic l te  + q u a r t z  
P r o p y l i t i c  a l t e r a t i o n  is the  most widespread a l t e r a t i o n  type.  
S e r i c i t i c  a l t e r a t i o n  i s  conf ined  t o  the wes te rn  p o r t i o n  of t h e  V i r g i n i a  
C i t y  area and i t  Is o f t e n  a s s o c i a t e d  w i t h  stockwork q u a r t z  ve ins .  Smal l  
zones of a l u n i t i c  a l t e r a t i o n  are  u s u a l l y  surrounded by k a o l i n i t i c  a n d / o r  
a l s i c  a l t e r a t i o n  which i n  t u r n  are  surrounded by i l l i t e l n o n t m o r i l l o n i t e  
a l t e r a t i o n .  
c o n t r o l l e d  and a r e  a s s o c i a t e d  w i t h  s u l f i d e  m i n e r a l i z a t i o n  ( H u t s i n p i l l e r ,  
1985). 
S i l i f i c a t i o n  and stockwork q u a r t z  v e i n i n g  are s t r u c t u a l l y  
46 
Unal te red  a n d e s i t i c  rocks of t h e  Alta formation and Kate Peak 
format ion  t h a t  have approximately 40% vege ta t ive  cover  appear green  on t h e  
imagery. Ex tens ive  p r o p y l i t i c  a l t e r a t i o n  of t h e s e  rocks appears  t o  have a 
dark p u r p l e  c o l o r .  A r g i l l i c  a l t e r a t i o n  and sI1IcIc a l t e r a t i o n  ranges  i n  
c o l o r  from pink t o  dark red. 
a l t e r e d  rock u n i t s  p lays  an  impor tan t  r o l e  i n  the  degree t o  which c o l o r s ,  
o t h e r  t h a n  green ,  are d isp layed .  In  f a c t ,  where brush f i r e s  have occurred  
b r i g h t  r e d  c o l o r s  are o f t e n  d i sp layed  by the  imagery, but  t he  rocks are 
only  s l i g h t l y  a l t e r e d  and c o n t a i n  l i t t l e  s i l i c a  by weight percent .  
X l a r g e  i n t r u s i v e  plug of b io t i te -hornblende  a n d e s i t e  porphyry wi th  a 
g l a s s y  groundmass (Suga r loa f )  is l a r g e l y  unvegetated and appears  dark  
p u r p l e  on t h e  imagery. S imi la r  rocks  having a t  least  40% v e g e t a t i v e  cover  
appear  green.  An i n t r u s i v e  dome of Steamboat H i l l s  r h y o l i t e  appears  b r i g h t  
red on t h e  s l o p e  f a c i n g  t h e  sun and l i g h t  green on the s l o p e  f a c i n g  away. 
Vege ta t ive  cover  is more dense on t h e  north-facing s l o p e  of t h i s  c i rcular  
dome, but  i t s  composi t ion does not  change apprec iab ly .  
Presence  o r  absence of v e g e t a t i o n  over  
References  
Hudson, D. M.,  1984, Geology of t h e  Comstock Distr ic t ,  S t o r y  County 
Nevada: Unpublished manuscript ,  Mackay School of Mines. 
H u t s i n p i l l e r ,  A., 1985, High-spec t ra l  r e s o l u t i o n  a i r b o r n e  spec t ro rad iomete r  
d a t a  used t o  d e f i n e  hydrothermal  a l t e r a t i o n  i n  t h e  V i r g i n i a  Range, 
Nevada: Unpublished manuscript ,  Mackay School of Mines. 
Thompson, G. A., 1956, Geology of the Vi rg in i a  C i t y  Quadrangle,  Nevada: 
Geol.  Survey B u l l e t i n  1042-C, 77p. 
P resen ted  a t :  TIMS User's Workshop, Nat ional  Space Technology 
L a b o r a t o r i e s ,  Bay S t .  Louis ,  M i s s i s s i p p i ,  June  18-20, 1985, 
sponsored by Jet  P ropu l s ion  Laboratory,  4800 Oak Grove 
Dr ive ,  Pasadena, C a l i f o r n i a  91109. 
47 
